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Gait Disorders in Older Adults
Neil B. Alexander, MD
Both aging and diseases that are more prevalent with agingaffect how older adults walk. This review addresses the
evaluation and treatment of gait disorders in older adults.
The focus is on comfortable gait, the most common clinically
evaluated aspect of walking.
GAIT AND DISABILITY
From 8 to 19% of noninstitutionalized older adults have
difficulty walking or require the assistance of another person
or special equipment to walk. J,2 Walking disability increases
with age. For example, 6% of female East Boston respon-
dents aged 65 to 69, compared with 38% of those aged 85
and older, need assistance in walking.:' Limitations in walk-
ing can be seen in as many as 63% of nursing home resi-
dents." In older adults with diseases such as arthritis, 35%
admit to difficulty in walking one-quarter mile:'
Measures such as gait speed provide an index of func-
tional status. Even in those who report no difficulty in walk-
ing one-half mile, a timed 8-foot walk, in addition to other
lower-extremity function tests, ultimately predicts mobility-
related and ADL disability at 4-year follow-up." Self-selected
gait speed predicts self-perceived physical function, as mea-
sured by the Sickness Impact Profile (SIP), better than other
physical measures such as balance and grip strength, partic-
ularly among frail nursing home residents." Prolonged 50-
foot walk time relates to increased arthritis activity, although
improvements in symptoms and signs predict walk time im-
provement inconsistently.v" Walking speed is particularly
important for crossing traffic intersections safely. In a 1994
study, 27% of 592 older adult pedestrians were unable to
reach the opposite curb before the light changes to allow
cross traffic to enter the intersection.!" Finally, faster gait
speed on admission predicts success in rehabilitation, 11 and
slow gait speed on discharge predicts institutionalization. 12
Fifty-four percent of those requiring skilled care compared
with none of those discharged home or to nonskilled levels of
care have discharge walking speeds below 0.15 m/sec.'?
Gait speed assessment is particularly useful in patients
with cardiopulmonary disease.Pv'" Self-paced 6-minute
walking distance discriminates between NYHA levels of con-
gestive heart failure l5-17 and predicts hospitalization rates
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and mortality attributable to congestive heart failure. IS Com-
fortable walking speed is a better predictor of cardiac index
and functional status in patients with chronic heart failure
and lung disease than treadmill or cycle ergometry exercise
testing. 18,19 In patients with chronic lung disease, 6- and
12-minute walking tests are useful measures of response to
exercise training and medication adminstration in most,19-23
but not all,24,2$ studies. The relationship between walking
tests and pulmonary function tests are, however, inconsis-
tent,26-28 and there may also be a practice effect in walk
time. 27- 29
Other gait measures also correlate with functional out-
come. Walking cadence, as measured by the number of steps
walked per minute, correlates with SIP scores.30Stride length
and the symmetry of swing duration in the unaffected versus
the affected leg correlate well with extent of motor recovery
in hemiplegic patients.31,32 (See Figure 1 for a graphic repre-
sentation of some of the temporal and spatial measures of
gait).
FACTORS INFLUENCING GAIT
Age-Related Factors
Although comfortable gait speed may decline at a rate of
0.2 % per year up to age 63, speed decline accelerates up to
1.6% per year after age 63 in subjects relatively free of
orthopedic, cardiorespiratory, neurological, or cognitive
problems.34,35 Bendall et al.36 reported a lower rate of decline
from age 65 to 90, 0.7% per year, but this study includes few
subjects older than age 80. The age-related decline in gait
speed is apparently the result of a decrease in step or stride
length37,38 rather than a decrease in cadence. Results from a
number of studies34,36-51 that examine the effect of advanced
age on gait speed are illustrated in Figure 2. Individual studies
that include more than one age grouping are connected by a
line. Gait speed may be reduced in studies that include older
adults with diseases,.16,43,46 where data acquisition apparatus
is attached to the lower extremiries.I'''"! or where the walk
task involves turning or walking along a line.52
Other characteristics of gait change with aging. Declines
in older adult step length, stride length, ankle range of mo-
tion, vertical center of pressure excursion, and pelvic obliq-
uity are found in wornen'V but, except for pelvic obliquity,
not in men. 39 Shorter, broader strides, decreased vertical and
increased horizontal head excursions, decreased limb excur-
sions, longer stance and shorter swing durations (and subse-
quent decreased swing to stance ratio), and slower cadence
are most apparent after age 75 or 80.44,48 Older adults are
more likely to exhibit decreased push-off power and a more
flat-footed landing.53 Classically, these changes are illus-
trated in Figure 3, the old adult gait pattern on the left, young
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Figure 1. Distance and time dimensions of the walking cycle':'
(reprinted with permission).
adult on the right. However, the differences in most temporal-
spatial, joint motion, and other biomechanical measures be-
tween young adults and healthy older adults (mean age
approximately 70 or less) are generally less than 30% and
often less than 10% 37-39,42,44,47,48,50,5.1-.';5. Thus, Figure 3
seems to exaggerate these young-old differences.
Because these gait characteristics depend on gait speed,
perhaps the young-old differences are the result of the age-
related speed decline.:" For example, as speed slows, the
excursions of the head (vertically) and limbs are generally
reduced, while lateral head excursion is increased.57,58 When
controlling for velocity and for subject height, there are
rninirnal'" or no apparent young-old gait differences, espe-
cially in older adults aged 60 to 75.55,60
Why might gait velocity and stride length decrease with
age? Some speculate that subtle changes in musculoskeletal
function, such as stiffness and strength loss or changes in
energy expenditure or conservation strategies, limit the abil-
ity to achieve a faster comfortable speed.37,61 Many believe
that decreased speed and stride length allow increased double
support time and thus improved bipedal balance.V i.e., a
safer and more stable gait pattern.j'
Disease
Musculoskeletal, neurological, and cardiorespiratory
. d irh d d zai d%S2symptoms are associate WIt ecrease g lt spee ,. ,. par-
ticularly for fast pace walking.t" This disease-related slowing
appears to be related mainly to declines in stride length43and
is common in older adults hospitalized with acute illnesses.f?
Gait alterations such as diminished stride length, increased
double limb support, reductions in limb range of motion,
stepping variability, and reductions in foot-floor clearance
are common in patients with a variety of diseases such as
Parkinson's disease,65-68 hemiplegia/hemiparesis,3I,67.69-72
normal pressure hydrocephalus,73-75 diabetic neuropathy.i"
knee and hip osteoarthritis,67,77-79 and congestive heart fail-
ure. 80,81 These gait alterations increase with increasing sever-
ity of diseases, particularly in Parkinson's disease68,82 and
knee ostcoarthritis.f' Pain caused by hip and knee osteoar-
thritis may lead to many of these gait alterations as well as
unique uneven forward progression, lateral lurching, and
asymmetry (antalgic gait).8.1-85
Leg Function
Leg extensor power is associated strongly with self-
selected rapid gait speed (Pearson's r == .6-.9) in those who
are very old (mean age 87) and frail. 86 Note that the speed
increase plateaus with additional leg power available.l" Fur-
thermore, self-selected comfortable gait speed is less strongly
associated with leg (plantar flexion) strength (Pearson's
r == .4) in younger (mean age 72), less frail older adults:%,87
Others believe that the relationship between leg strength and
gait is curvilinear'" so that beyond a certain level of strength,
gait performance improvements, such as in gait speed, are less
striking, Determining the importance of strength is compli-
cated by the fact that static, isolated tests of strength at one
joint used commonly in these studies may not reflect the
strengths required during walking, a multi-joint, dynamic
rask." Finally, greater passive range of motion (ROM) in the
legs, particularly in ankle plantarflexion and dorsiflexion and
hip extension, is associated with faster gait speed.v' Strength
and joint range of motion also predict gait changes in certain
disease conditions such as hemiplegia89,90 and diabetic neu-
ropathy.?"
Anthropometry and Gender
Subject characteristics may confound the age-associated
decline in gait speed. Height is correlated with gait speed
independent of agc34,36,52 because taller subjects are known
to have greater step and stride lengths.62 However, at least in
some studies,63 the percentage of variance explained by
height (12%) or leg length (6%) is overshadowed by the age
(33%) effect. Older women may walk more slowly than
men,.36 and yet the age-related speed decline after age 63 may
accelerate more in men (16.1 % per decade) than in women
(12.4% per decadei.i'" When controlling for leg length and
compared with young adults, speed declines in healthy old
women42 but not in healthy old men'", note that the old
women were somewhat older than the old men. Others find
no gender difference when measures are controlled for
height.V
Cognitive andAffective Function
Gait speed correlates with cognitive and affective func-
tion,?,52 Compared with patients with higher Folstein Mini-
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Figure 2. Mean comfortable gait speeds in older adults, according to mean age per study series,grouped according to men only, women
only, or men and women together. Studies that include more than one age ~rouping are connected by a line. Each series is identified
by a letter according to the following code: A36, B39, C40, D37, E38, f41, G 2, H3\ 143,t\ K45, L46, M47, N48, 0 49, p50, Q.H.
Figure 3. Apparent age-related differences in sagittal body posi-
tion of healthy old (left) and young (right) men at the instant of
heel strike48 (reprinted with permission).
Mental State (MMS) scores.t" patients with MMS scores s;
16 walk 20% more slowly on admission to a rehabilitation
unit and tend not to increase their gait speed as much by the
time of discharge. I I Compared with age-matched controls,
patients with probable Alzheimer's disease walk 30 to 40%
more slowly, with shorter steps, lower stepping frequency,
and higher double support ratio.92,93 Gait speed slows and
step-to-step variability increases with increased severity of
the dernentia'", Patients with clinically diagnosed depression
walk more slowly and with decreased foot push-off, de-
scribed as a "pulling" rather than "propelling" gait'". These
gait findings also correlate strongly with depressive symp-
tomatology on standard screening tools such as the Geriatric
Depression Scale'" and the Beck Depression Inventory.l" and
some suggest that gait speed could serve as a marker for
psychomotor retardation.?" Other behavioral factors are also
important, as evidenced by the approximate 8% increase in
6-minute walking distance achieved by giving patients with
cardiac and pulmonary disease verbal encouragement.97
Activity and Exercise
Lower daily activity level is associated with slower gait
speed. 36,52 Compared with people with unlimited outdoor
activity, frail older adults who are housebound and/or get out
infrequently walk more slowly, have reduced stride length,
step frequency, and turning time and increased stance/swing
ratio and double support time.43 Note that housebound
adults are more likely to use assistive devices, primarily canes,
that can also slow gait.
On the other hand, the age-associated decline in gait
speed may be mitigated by physical conditioning. In younger
old men (aged 55-66), some of whom are active in vigorous
physical activity, self-selected (especially rapid pace) gait
speed is independent of age and instead is associated with
increased maximum oxygen uptake, i.e., cardiovascular fit-
ness."? Some studies find increased (up to 17%) comfortable
gait speed in healthy active versus sedentary older adults.V
whereas others find minimal speed difference.P
In community-dwelling older adults who are essentially
free of medical conditions that might cause a gait disorder,
exercise may improve comfortable gait speed, but the effect is
modest. Low-impact aerobic dance can improve the time to
walk one-half mile by up to 13 %.98 In generally healthy older
community-dwelling participants (aged 75 or older), im-
provement in usual gait speed is small whether subjects
undergo 3 months of resistance training (7% improvement)
or balance training (3% improvernentl.l" Life-care commu-
nity members (mean age 82) improve their usual gait velocity
by 8% after participating in a combined resistance-balance
training prograrn.l'" Other low-intensity strength-flexibility
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and dynamic resistance training programs have a minimal
effect on gait velocity and step length. lOl,102
Similar effects are seen in frail older adults. Eight weeks
of resistance training resulted in no significant change in
habitual gait speed in frail institutionalized volunteers, \03 but
two of the 10 participants no longer used canes to walk. In a
follow-up controlled study, gait speed improved 9% (from
0.51 m/s at baseline to 0.55 m/s) in those who underwent 10
weeks of resistance training.l'" and four subjects reduced
their dependency from a walker to a cane. In response to
strength and aerobic training, nursing home-residing veter-
ans who had muscular weakness but were not dependent on
an assistive device showed similar improvements. 105
Falls and Fear ofFalling
Gait disorders are common risk factors for falls e06,\o7).
Losing one's balance and/or having a sense of unsteadiness
are related directly to measures such as reduced gait velocity
and increased trunk accelerations while walking, i.e., de-
creased walking smoothness. l08,109 Sometimes it is unclear if
a gait disorder leads to a fall or if a fall leads to a gait
disorder.l!? Compared with hospitalized non-fallers, hospi-
talized fallers walk at a slower speed and with shorter and
more variable step lengths and cadences, even with the exclu-
sion of subjects with fracture and musculoskeletal or neuro-
logical disorders.t" One-quarter of hospitalized fallers who
have slow stepping frequency and variable step lengths are
described as anxious and wanting to maintain their motions
within a small support base.64 In a mixed group of hospital-
ized and community-dwelling older adults, persons who fell
in the last year walked more slowly and had a shorter stride
length.v' Slower gait speed is also seen in nursing home fallers
compared with nursing home controls. 11 1 Yet, as long as
both fallers and non-fallers are relatively healthy, live in the
community, and are not hospitalized, there are few faller!
non-faller differences in gait variables such as step width,
stride length, single and double support time, and joint mo-
tions while walking.112-1l4 Part of the problem in relating
falls to gait disorders may be the nature of the fall history.
Gait speed and stride length are more strongly related to
self-assessed tendencies to fall than falls reported in the past
year.95
Perhaps fear of falling and fall-related self efficacycorre-
late more highly with gait measures than with reports of
falls.115 Some patients may suffer a fall without a fracture and
subsequently be apprehensive or stagger while walking, tend-
ing to clutch and grab for support, i.e., the "post-fall syn-
drome.,,116 Rarely, patients may exhibit "space phobia,"
with such fear of falling that they cling to support objects
such as walls. 117
SPECIFIC GAIT DISORDERS
Determining that a gait is "disordered" is difficult be-
cause there are generally no clearly accepted standards of
"normal" gait for older adulrs.I" Some believe that slowed
gait speed suggests a disorder, while others believe that devi-
ations in smoothness, symmetry, and synchrony of move-
ment patterns suggest a disorder (see section on gait disorder
evaluation). Attributing a gait disorder to one etiology is also
difficult because similar gait abnormalities are common to
many diseases.56
Underlying medical conditions are major contributors to
gait disorders. In a group of community-dwelling adults older
than age 88, 61 % reported one or more diseases or symptoms
as causing gait impairment.I!" most commonly joint pain,
followed by multiple causes including stroke, visual impair-
ment, and back or neck pain. Many reported more than one
contributing cause. Of those who reported no specific dis-
ease-related abnormality of gait, 118 many had abnormalities
on examination, such as impaired sensory function in the legs
(36%) and difficulty walking tandem (52%), and on gait
screening. 119
Older adult patients included in published series tend to
be referred for a gait disorder of unknown etiology. Sudarsky
et al. 120 examined a series of sequential neurological referrals
for undiagnosed gait disorders (n = 50, mean age 80, age
range not given), and Fuh et al.121 classified 50 inpatients
(mean age 66, age range 50-78) presenting to an inpatient
neurological unit with a chief complaint of difficulty walking.
Patients with paralyzing strokes, known Parkinson's disease,
severe hip or knee disease, and major tranquilizer use are
excluded. Presumably, many gait disorders, particularly
those that are classical and discrete (such as antalgic gait) and
those that are mild and/or may relate to irreversible disease
(such as multi-infarct dementia), are diagnosed and treated
by the primary care physician with no additional referral.
One exception is a family practice series, where Hough et
al. 122 included 35 patients (mean age not given, age range
65-89) with self-reported difficulty in walking, but excluded
anyone hospitalized or who had sustained trauma in the past
6 weeks. Table 1 illustrates the type, number, and percentage
of diagnoses made in each series, and a discussion of these
diagnoses follows.
Parkinson's Disease
From 10 to 12% of the Sudarsky'r" and Fuhl21 series
had their gait disorder attributed to idiopathic Parkinson's
disease and related syndromes such as drug-induced parkin-
sonism and progressive supranuclear palsy. Parkinson's dis-
ease is usually cited as a cause of a gait disorder when
standard disease criteria are fulfilled, such as bradykinesia,
rigidity (cogwheel), tremor, and a flexed posture, and often in
the setting of a positive response to levodopa treatment. 120
Vascular-Related Disorders
Patients with major deficits secondary to a cerebrovascu-
lar accident are generally excluded in gait disorder series. In
Sudarsky's series, 120 16% of those with an abnormal gait had
evidence of cerebral infarcts on CT scan but no history of
hemiparesis or major motor deficit from a stroke. In Fuh's
series,12l the rate of multiple infarcts and Binswanger's dis-
ease (discussed below) is even higher, up to 28%. Based on a
retrospective review, gait disturbances are seen in 27% of
patients with multi-infarct dementia, often 2 years before the
diagnosis of overt dementia is made. 123 The gait disorder
described by Kotsoris et al. 123 is either hemiparetic, Parkin-
sonian, ataxic, or nonspecific (short-step, narrow base,
slightly spastic, with a shuffling or "glue-footed" quality).
Smaller vessel periventricular and deep white matter
changes, which may be attributed to chronic ischemia (also
referred to as leukoaraiosisl.P" may also contribute to gait
disorders. 125-127 Furthermore, a group of nursing home fall-
ers with apparent impairments in gait and balance exhibited
significantly more white matter hypodensity on CT scan than
did nursing home controls.F" The problem is that leukoara-
iosis has been found in as many as 19% of head CT scans and
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Table 1. Diagnoses in Older Adults Presenting with Gait Disorder (% of group)
Series
Primary Diagnoses Contributing to Neurologic Referral Primary Care---
Gait Disorder Sudarsky120 Fuh12 1 Hough122
Frontal gait disorder (gait apraxia) 20 28 0
Normal-pressure hydrocephalus 4
Multiple strokes/8inswanger's 16 28
disease
Sensory imbalance 18 4 9
Neuropathy 4 3
Multiple sensory deficits
Myelopathy 16 24 0
Cervical spondylosis 22
Vitamin 812 deficiency
Parkinsonism 10 12 9
Idiopathic Parkinson's disease 8
Drug-induced parkinsonism
Progressive supranuclear palsy 2
Cerebellar atrophy 8 8 0
Other 14 16 79
Tumors 2 6
Depression 2
Motor neuron disease 2
Lumbar stenosis 2
Alzheimer's disease 4
Degenerative joint disease/gouty 4 43
arthritis
Orthostatic hypotension 2 9
Intermittent claudication 6
Post-cerebrovascular accident 6
Congenital deformity 6
Post-orthopedic surgery 3
Vertebrobasilar insufficiency 3
Heart disease/heart failure 2 3
Toxic/metabolic encephalopathy 2 2
Essential ("senile") gait disorder 14 6 3
Number of diagnoses contributing
to gait disorder
Single diagnosis above 56 NA NA
Combinations of diagnoses above 28 NA 75
92% of MR scans in apparently healthy "normal" older
adults (as reviewed in Meyer I29). The inability to perform
tandem gait or walk a straight line is associated with in-
creased T2 signal intensity on MR scans, indicative of white
matter abnormalities.P" This relationship is evident, how-
ever, only in relatively larger and severely abnormal signals,
such as multiple foci or large confluent patches. The problem
is that the severity of the MR scan abnormalities, like the
most profound gait abnormalities, increase with age, suggest-
ing a possible age confound. Perhaps only periventricular and
white matter changes on T2-weighted MR scans that are
excessive for age are associated with clinically significant
disease, such as ischemic vascular demenna.P!
In a special case of leukoaraiosis, termed subcortical
arteriosclerotic or vascular leukencephalopathy of the
"Binswanger type," white matter lesions from small vessel
disease involve the basal ganglia or periventricular white
matter, particularly in patients with hypertension.132.133 At
least half of the patients with this condition132 have elements
of a frontal gait disorder, namely slow, wide based gait,
hesitation in starting, shuffling, freezing, small steps
("marche a petits pas"), difficulty in picking their feet off the
floor ("magnetic foot" response), and difficulty with
turns. 134 - 136 The most severely affected patients develop
poor truncal balance, are unable to initiate a step, and are
unable to stand up without support.l" Others have de-
scribed pyramidal, extrapyramidal, ataxic, and apractic
gait. 137 Despite their gait disorder, all patients are able to
perform simple leg tasks when seated or lying, suggesting an
element of gait apraxia.l"
Concurrent cognitive impairment likely confounds these
vascular-related gait disorders. Stepping variability may be
present in patients with probable vascular-related dementia,
although only 29% of these demented patients exhibit clini-
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cal gait abnormalities (short, slow steps, difficulties in turning
with postural instability).126 Half of the subjects with cere-
bral infarcts on CT in Sudarsky's series 120 are demented, and
most Binswanger's patients have mental status abnormali-
ties.1.l2,133,136 In patients with atherosclerotic white matter
disease, Masdeu et al.'s review'r" suggests that cognitive
impairment develops before or simultaneously with the onset
of gait disorders in 37% of the cases identified. In 43% of the
cases, the gait impairment precedes the cognitive impairment.
Normal Pressure Hydrocephalus
The diagnosis of normal pressure hydrocephalus
(NPH) is based on the classical triad of dementia, unsteady
gait, and urinary incontinence, with hydrocephalus on
brain scan and a normal CSF pressure «180 mm).138,139
The diagnosis is not as common as might be believedt''
with a prevalence of 1% in a population screened for
dementia.l" Diagnosis of NPH is rare in both the Sudar-
sk y120 series (4%) and in the Fuh 121 series (none). In an
older study,142 as many as 50 of 109 presenting for gait
evaluation were diagnosed with NPH, and 17 of the 50
improved with shunting or CSF withdrawal, although the
criteria for NPH diagnosis in this study has recently been
quesrioned.l'" The NPH gait 142,144,145 is characterized by
unsteadiness that progresses to short, shuffling, scuffing
steps, slow and unsteady turning, and difficulty with gait
initiation. Leg function is normal specifically for voluntary
motor tasks when supine or nonweight bearing and be-
comes abnormal with weight bearing.l " suggesting simi-
larities with frontal gait disorder and gait apraxia.
The diagnosis of NPH may be difficult because CT find-
ings, such as ventricular enlargement and cerebral atrophy,
are not necessarily diagnostic.l'i" Furthermore, CT scans in
NPH patients may show multiple infarcts.P" whereas pa-
tients with multiple cerebral infarcts may have hydrocepha-
lus. 120This suggests a possible overlap between the NPH and
vascular etiologies and may account for the similarities in gait
disorder presentation. Note that a history of hypertension is
present in nearly all patients with NPH, 120,139 and ventricu-
lar dilatation or frank hydrocephalus can accompany hyper-
tensive cerebrovascular disease. 136,148
Sensory Abnormality
Abnormalities in visual, vestibular, and proprioceptive
function were associated with gait disorders and accounted
for 18% of Sudarsky's group.V" excluding patients with
myelopathy. Peripheral neuropathy was present in nearly all
of this group and many had a positive Romberg's test. Com-
plaints that might be vestibular-related (such as vertigo,
leaning to the side, instability of the ground under their feet)
were common. In the Fuh series.P! the two neuropathy
patients apparently had motor involvement as well.
Myelopathy
Sixteen percent of Sudarsky's group120 fulfilled criteria
for myelopathy, based on evidence of leg spasticity (spastic
hypertonus and pyramidal signs), proprioceptive deficits, and
positive findings on objective evaluation (such as on spine
films, myelography, and Schilling test). Patients walk with
stiff legs, reduced toe clearance, and a tendency toward
circumduction.P'' Common findings also include urinary
frequency and urgency and a positive Romberg's test, al-
though local pain and radicular symptoms may be absent. 135
In the Fuh series.!" 22% had cervical myelopathy.
Patients with vitamin B12 deficiency may present with a
treatable myelopathy as well as peripheral neuropathy, de-
mentia, and optic nerve atrophy. Early paresthesias give way
to full loss of position sense (causing sensory ataxia, wide-
based tottering from side-to-side), weakness, and spasticity
(causing spastic ataxia).149-152 In patients with B12 deficien-
cy,151 including subjects more than 80 years of age, ataxia of
gait is an initial complaint or exam finding in approximately
one-fifth, particularly in the setting of sensory losses. Anemia
is not always present. Ataxia or abnormal gait may be found
in 43% of patients with low (and sometimes low normal)
serum cobalamin and normal hematocrit and/or mean cell
volume.P:' Although less common and less severe, folate
deficiency may also result in a treatable myelopathy- and
neuropathy-associated gait disorder, sometimes without ane-
mia or macrocytosis.I 52,154,155
Cerebellar Disorders
In both the Sudarsky120 and Fuh121series, 8% of subjects
had cerebellar atrophy on CT scan in addition to truncal
ataxia and other clinical features of cerebellar atrophy. Note
that cerebellar atrophy, particularly of the vermis, may occur
in older adults who exhibit no symptoms or signs of cerebel-
lar disease.P" In the Sudarsky series, 120 all subjects also had
peripheral neuropathy, and alcohol was presumed to be a
causative factor in half of the group, while the majority of the
Fuh121 cerebellar disorders were presumed to be idiopathic.
Other Causes
The pattern of diagnoses in the primary care series 122 is
clearly different from that of the two neurological referral
seriesl20,121 (see Table 1). Arthritis and orthostatic hypoten-
sion are the most common primary diagnoses, with multiple
additional diagnoses such as postorthopedic surgery.122
Other common contributing, nonprimary diagnoses include
acquired deformities, chronic lower extremity edema, and
cataracts. 122 Other causes of gait disorders identified in a
later review135 included uremic and hepatic encephalopathy,
CNS tumor or subdural hematoma, and depression. Medica-
tions are also important causes and include sedating psycho-
tropic medications such as benzodiazepines, tricyclic antide-
pressants, and phenorhiazines.P" as well as anticonvulsants
(particularly phenytoin) and salicylates (in chronic intoxica-
tion).157
In case studies, older adults may present with reversible
gait disorders attributable to clinically overt hypo- or hyper-
thyroidism. Ataxia with unsteady, staggering wide-based gait
and other cerebellar signs is reportedly caused by hypothy-
roidism,158,159 although the cerebellar degeneration may re-
late to other accompanying conditions such as alcoholism. 160
A sensory polyneuropathy related to hypothyroidism, while
usually mild,t61 may lead to ataxic gait. 162,163 A myopathy
may present with proximal weakness and myalgiasl'" but is
uncommon in some series.P" (See Nickell'" for a more
detailed discussion). Hyperthyroidism-associated cases of
gait disturbances secondary to proximal myopathy may be
most common 167 although a related myelopathy and neurop-
athy have been reported.168-170
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Table 2. Gait Characteristics of "Senile" Gait Disorder Group
Multiple Diseases and Other Contributing Clinical Features
Although a single diagnosis can be determined in 56% of
Sudarsky's series.P? a sizeable number, 28%, have evidence
of multiple diagnoses contributing to the gait disorder. In the
primary care series,122 a larger percentage of subjects, 75%,
present with multiple diagnoses believed to contribute to the
gait disorder. Multiple diagnoses may be problematic when
common diseases such as arthritis overshadow rarer, poten-
tially treatable coexisting diseases such as NPH. 139
Additional factors may contribute to the gait abnormal-
ities in the series noted above. In the Sudarsky series, 120 22 %
had dementia, which by itself may alter gait speed,92 32%
had symptoms such as dizziness, which might be attributed to
vestibular disorders, and 50% had absent ankle reflexes and
other signs of neuropathr With the high rate of arthritis
noted, most of Hough's'? patients considered pain to be the
primary cause of their walking difficulties. Finally, 46% of
Sudarsky's group120 complained of a fear of falling.
"Senile" Gait Disorder
Gait disorders are not an inevitable result of aging.
Among noninstitutionalized older people aged 88 and older,
18% report no specific disease-related cause of gait impair-
ment and on clinical exam apparently have no gait abnormal-
ity, including many with no difficulty in performing tandem
gait. I IS Nevertheless, when an older adult patient presents
with a gait disorder but no accompanying clinical abnormal-
ities, some suggest a diagnosis of "idiopathic senile gait
disorder." 110 Based on Critchley's description.l " Koller et
al. l 72 operationalized this gait pattern as broad-based with
small steps, diminished arm swing, stooped posture, flexion
of the hips and knees, uncertainty and stiffness in turning,
occasional difficulty initiating steps, and a tendency toward
falling. In a series of 16 subjects with an abnormal gait
pattern and no apparent clinical etiology,"? Table 2 shows
the percentage of patients exhibiting a particular gait abnor-
mality. Patients with this gait disorder walk less than half as
fast as healthy older adults, have shorter stride lengths, have
an increased percent of stride in total (particularly double)
support, and have abnormal foot-floor contact and clear-
ance. 110,173 Many of these patients appear to be apprehensive
or fearful during walking (particularly during transitional
phases) and are more likely to have a history of falls and use
Characteristic
Unable to perform tandem gait
Wide-based gait
Poor truncal stability
Gait dysrhythmia
Flexed attitude
Shortened steps
Bradykinesia
Loss of associated arm movement
Diminished ability to advance steps
Gait apraxia
Narrow base
From Koller er al.'72
No. Patients
(% of group)
16 (100)
14 (88)
12 (75)
11 (69)
10 (63)
10 (63)
8 (50)
5 (31)
4 (25)
2 (13)
1 (6)
walking aids. l10,174 Fourteen percent of Sudarsky's pa-
tients120 exhibited this idiopathic gait disorder. These pa-
tients apparently had little or no spasticity, cerebellar ataxia,
extrapyramidal rigidity, proprioception impairment (based
on normal Romberg testing), or evidence of dementia.
Although the gait patterns in "senile gait disorder" are
similar to those found in other diseases, the clinical findings
are generally nonspecific and/or insufficient to identify an-
other etiology. Despite the stooped posture and loss of arm
movement, the clinical abnormalities are insufficient to make
a diagnosis of parkinsonism. Some exhibit wide-based stance
and truncal instability but show no CT evidence of cerebellar
vermis atrophy or degeneration. Some of the gait patterns are
consistent with those found in NPH, and although some
ventriculomegaly is associated with the gait disorder, few
subjects meet the clinical or radiological criteria for NPH.
Sabin175 discusses the evidence for and against the possibility
that "senile gait disorder" may be a manifestation of subtle
extrapyramidal, pyramidal, frontal lobe, or peripheral nerve
disease. Perhaps gait abnormalities not explainable by overt
signs and symptoms of clinical disease are the result of white
matter hypodensity on head CT. 128 Perhaps this is an early
stage of a progressive gait disorder that acts as a precursor to
an as-yet-asymptomatic disease. I IS Perhaps the presence of a
cognitive disorder contributes to the gait abnormalities seen
with "senile gait disorder," 174 given that at least half of the
Koller l 72 patients were demented. Nearly all of the "senile
gait disorder" patients in the Elble l73 series were at least
mildly demented and many were ultimately diagnosed as
having Alzheimer's disease, vascular dementia, or normal
pressure hydrocephalus. Some argue that many gait disorders
in older adults, including "senile gait disorder," appear sim-
ilar, regardless of disease etiology, because the gait character-
istics are influenced heavily by reductions in stride length. 173
The term "senile gait disorder," thus, does not refer to a well
defined, homogeneous disorder and is not useful in labeling
gait in older adults.
Psychogenic Gait Disorders
These disorders are common in adults aged 30 to 50 but
have been known to occur beyond age 70. 176,177 Examples
include "astasia-abasia," when the patient is unable to stand
(astasia) or walk (abasia) despite normal leg function while
supine, and "camptocormia," exaggerated trunk flexion
while walking. 17s Psychogenic gait disorder patients have an
inconsistent but generally normal examination and may ei-
ther display a dramatic resolution of symptoms or show no
further organic explanation on long-term follow_up.I77,179
Exaggerated ataxic movements occur commonly, usually
without falling, and include exaggerated swaying, which may
increase over time, sudden knee buckling, staggering long
distances to obtain support, attempting to grab and pull
down the observer, classic tightrope balancing, uneconomic
postures which waste muscular energy, small cautious steps
with fixed ankle joints ("walking on ice"), excessive slowness
or hesitation, and momentary stance and gait fluctuations,
often in response to suggestion and improved by distrac-
tion. I77,179
A CLASSIFICAnON SCHEME FOR GAIT DISORDERS
Based on a scheme developed by Nutt,143 gait disorders
can be divided into predominately low, middle, and high
sensorimotor levels (see Figure 4). Note that these levels are
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Sensorimotor Level DescriptionlExamples
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Cautious gait
Subcortical dysequilibirum
~ Gait ignitionfailureI High: Frontal-related disorders Frontal gait disorderFrontal dysequiJibrium
Psychogenic gait
Disorderdue to drug or metabolic cause (see text)
< Hemiplegic/paretic gait
Spastic gait
Paraplegic/paretic gaitI Medium II Cerebellar ataxia gait
Parkinsonian gait
Choreicgait
Dystonic gait
Peripheral motor
~ Arthriticgait (antalgic/joint deformity gait)
MyopathicgaitI Low I Neuropathic gaitI ~ Sensoryataxia (proprioceptiveloss)
Peripheral sensory Vestibular ataxia
Visualataxia
Figure 4. Gait disorder classification scheme for older adults (adapted from Nutt I 4 3 ) .
not based exclusively on anatomy because some disorders
involve multiple levels, e.g., subcortical lesions occur in pre-
dominately cortical disorders and vice versa (e.g., Parkinson's
diseasej.l'" Drug and metabolic etiologies may also overlap
levels, even though the primary effect may be on the high
sensorimotor level (e.g., phenothiazines, high sensorimotor
level attributable to sedation and anticholinergic effect, mid-
dle sensorimotor level attributable to extrapyramidal effect).
At the lowest level are disorders of proprioceptive, ves-
tibular, visual, and musculoskeletal function that are often
distal to the central nervous system. Loss of proprioception,
either from peripheral nerve or posterior column deficit, leads
to unsteady, uncoordinated (ataxic) gait. Loss of vestibular
function leads to unsteady, and perhaps weaving or "drunk-
en" gait. Patients with visual loss are more tentative and
uncertain than ataxic. Pelvic girdle weakness can produce
exaggerated lumbar lordosis and lateral trunk flexion ("wad-
dling" and "Trendelenberg" gait) and difficulty in rising from
chairs and negotiating stairs. Proximal motor neuropathies
may also lead to "waddling" or an exaggerated foot contact
with the floor ("foot slap"). In the distal neuropathies, distal
weakness (particularly of the ankle dorsiflexors, ie, "foot
drop") leads to exaggerated hip flexion and lifting of the foot
("steppage gait") followed by a "foot slap". Disorders of the
musculoskeletal system are elaborated upon elsewhere.181.182
In antalgic gait, patients avoid weight-bearing on the affected
area and shorten the stance phase. The trunk shifts over the
affected side with hip pain. The painful knee is often flexed,
while spinal pain causes slow, short steps, avoidance of heel
strike, and decreased lumbar lordosis. Feet that are deformed
and painful with weight bearing alter gait. 1S3 Nonantalgic
features of arthritis that cause gait abnormalities, particularly
at the knee, include contractures, deformity-limited motion,
and buckling with weight-bearing. Kyphosis and ankylosing
spondylosis can mimic the stooped parkinsonian posture. Leg
length inequalities may also cause trunk and pelvic motion
abnormalities. Patients with these disorders can generally
compensate and maintain independent arnbulation if their
cognition and central nervous system is intact.
At the middle level, the central nervous system selects
postural and locomotor responses, but the execution is faulty
and there are disruptions in the motor and sensory modula-
tion of gait. Gait is initiated without difficulty but the step-
ping pattern is abnormal. The most common classically de-
fined disturbances are spastic gait, particularly related to
corticospinal tract damage, and parkinsonian gait. In spastic
hemiparesis, such as from a stroke, the leg is swung in a
semi-circle from the hip with the pelvis tilted up ("circumduc-
tion") and the hip adducted. The knee may hyperextend
("genu recurvatum") with lack of flexion and the ankle
excessively plantar flexes and may invert ("equinovarus").
The arm, when involved, may be held flexed and adducted
with minimal swing. With less paresis, some may only lose
the arm swing and drag or scrape the foot. In spastic parapa-
resis, such as in cervical spondylosis, both legs circumduct,
steps are short, shuffling, and scraping, and, when severe, the
hip adducts so that the knees cross in front of each other
("scissoring"). Characteristic features of parkinsonian gait
include small, shuffling steps, hesitation, festination (acceler-
ation), propulsion (falling forward when walking), retropul-
sion (falling backward), turning en bloc (moves whole body
when turns), and absent arm swing. Of note, other neurolog-
ical syndromes such as Shy-Drager syndrome, olivopontocer-
ebellar degeneration, and progressive supranuclear palsy
have parkinsonian gait features as well as other associated
symptoms and signs, such as multiple system atrophy. In
cerebellar ataxia, the wide-based gait is accompanied by
increased trunk sway and irregular timing and amplitude of
steps, particularly on turns.
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At the highest level, categorization is confusing, mainly
because the gait characteristics can be nonspecific, are caused
by a number of disease entities, and may have subcortical in
addition to cortical features. Alterations in cognitive integra-
tion and processing, and behavioral aspects such as fear are
often present (hence the inclusion of psychogenic gait at this
level). Nurr'":' provides five separate classifications (see Fig-
ure 4) but these too, may be overlapping, or, as with cautious
gait, may be superimposed on other diseases. Cautious gait,
which suggests the presence of fear of falling, is characterized
by normal to widened base, shortened stride, decreased ve-
locity, and en bloc turns. Most patients are aware of a
balance disorder, have appropriate postural responses, and
are appropriately cautious, responding to a real or perceived
sense of instability. In subcortical disequilibrium, locomotion
is impaired because patients exhibit inappropriate postural
responses, to such an extent that the patient may be unable to
stand or exhibit protective fall responses. Ocular palsies,
dysarthria, and extrapyramidal signs may be associated, and
the onset may be sudden, as in an acute vascular event, or
slow, such as might be seen in multi-infarct-related progres-
sive supranuclear palsy.184 If able to walk, patients can have
appropriate stepping rhythm and direction. Difficulty stand-
ing and a tendency to fall without an appropriate fall re-
sponse, despite generally preserved strength and sensation, is
analogous to that reported after acute vascular unilateral
lesions of the thalarnus.J''" putamen, 186 and midbrain.!""
The last three disorders, gait ignition failure, frontal gait
disorder, and frontal disequlibrium, may be part of the same
disease etiology, namely cerebrovascular disease and/or
NPH, and consequently may have similar features. A glossary
(see Appendix) contains a number of terms used to describe
these types of disorders, particularly in regard to their rela-
tionship to gait apraxia. The gait disorders characterized by
these terms are also overlapping, and many likely relate to
underlying cerebrovascular disease, such as "arteriosclerot-
ic-", "lower-half-", and "lower body-parkinsonism." 1.16, 188
In gait ignition failure, there is marked difficulty in initiating
gait and maintaining locomotion in the absence of impaired
equilibrium, cognition, limb praxis, or parkinsonism. Steps
are short and shuffling and decrease as walking continues.
Diversion of the patient's attention, negotiating narrow pas-
sages, or turning commonly precipitate freezing and resump-
tion of shuffling. In frontal gait disorder, the gait pattern is
characterized by a variable base (narrow to wide), short
steps, shuffling, start and turn hesitation, and some disequi-
librium. Patients with frontal gait disorder, are more likely
than those with advanced Parkinson's disease (and other
akinetic-rigid syndromes) to exhibit a wider base, an upright
posture, and preservation of arm swing. The accompanying
cerebrovascular disease can produce cognitive lesions,
pseudobulbar palsy with dysarthria, frontal release signs,
paratonia, pyramidal signs and urinary disturbances. In fron-
tal dysequilibrium, such as from a frontal mass lesion, the
postural responses worsen so that patients cannot stand
unsupported and cannot organize trunk and leg movements
to rise from a seated position or walk.
GAIT DISORDER EVALUATION
A gait evaluation usually involves (l) describing the
extent to which disabled gait differs from able-bodied gait,
(2) identifying the mechanisms responsible for the gait disor-
der, and (3) determining the effect of an intervention on gait
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performance (based on Craik56). Ultimately, the value of gait
assessments, particularly on a "high-tech" level, may be in
the identification of pathological mechanisms underlying per-
formance. Use of standard clinical and radiologial methods
to evaluate a gait disorder parallels the evaluation of fall risk
(see King189) and the evaluation for underlying neurological
disease recommended by Sudarsky.12o,1.35 Note that age-
specific guidelines, and sensitivity, specificity, and cost-
effectiveness of these work-ups remain to be determined. A
discussion of the various methods of gait assessment follows
below.
Simple Observational Evaluation
Clinician observation of the type, extent, and temporal
nature of a gait disorder tends to be subjective, generally
qualitative, and only moderately reliable.56,190,191 Functional
approaches document the use of assistive devices, the degree
of human assistance (either manual or verbal), the distance
the patient can walk, and the types of surfaces the patient can
negotiate, the Functional Ambulation Classificationl92,193
(see Table 3). Timed versions of these measures, such as
walking in parallel bars or walking with a cane, are reliable in
patients with mild neurological deficits. 194,195 Function-
based balance and gait evaluations have also been pro-
posed 119,143,189 (see Table 4). Others propose extending the
functional evaluation to include other conditions that the
patient might encounter, such as stairs and rarnps.:"
Instrumented Evaluation
Instrumented methods used to acquire gait performance
data vary in terms of cost, time, personnel and technical
expertise, and equipment required. Relatively simple tech-
niques that yield temporal distance information (such as
velocity and step length) range from use of a stop watch
(which may introduce observer effects) to presumably less
obtrusive measures such as optical beams, 196, 197 ultrasonic
pulses.l'" grid-patterned or instrumented walkways,199-201
ink footprints 192,193,202, and a lightweight, instrumented
trolley attached to the patient'S heels. 203 Time-distance pa-
rameters, particularly velocity and stride length, appear reli-
able and correlate with clinical measures such as reduction of
dependency on a therapist or assistive device. 204,205
Other techniques acquire kinematic (i.e., body motion)
data by the use of photographic, optoelectronic, or, in some
cases, accelerometric instruments.206,2o7 Some attempt to
determine a set of movements that are the key predictors of
gait, namely pelvic rotation, pelvic tilt, knee (and hip) flexion
in the stance phase, foot-ankle-knee rotation interactions,
and lateral pelvic displacement.208,2o9 Alterations in shoulder
extension, arm-heel strike asynchrony, and guardedness can
differentiate nursing home fallers from controls. III Clinician
visual rating of abnormal gait kinematics has been proposed
for hemiplegia.I!" Others review the advantages and disad-
vantages of the various kinematic data acquisition tech-
niques, pointing out that instrumentation may interfere with
natural gait, that the field of view and accuracy of data
acquisition may be limited, and that data reduction may be
problematic.S6,211,212
Analyses of gait kinetics, namely the forces associated with
movement, particularly as measured on a floor force plate, can
estimate weakness and compensatory postures213 but have some
of the same limitations as the kinematic techniques. 182,21 1,214
Instrumented footwear are used to measure temporal aspects of
Table 3. Functional Ambulation Classification
Category
o Nonfunctional Ambulation
Ambulator-Dependent:
Physical Assistance Level II
2 Ambulator-Dependent:
Physical Assistance Level I
3 Ambulator-Dependent:
Supervision
4 Ambulatory-Independent:
Level Surfaces Only
5 Ambulator-Independent
From: Holden 1Y2 (reprinted with permission).
gair lS,216 and estimate activity leveJ.217 Other techniques in-
clude gait energetics, i.e., the estimation of the energy expendi-
ture encountered during walking on a treadmill or walk-
way. 33,182,211,214,218 More feasible, yet crude, estimates of en-
ergy expenditure include changes in heart rate. Waters219 and
Perry182 reviewed the energy expenditure of gait disorders in
various diseases and how treatment and assistive device use can
improve walking efficiency (decrease energy requirements). Fi-
nally, electromyography (EMG) is used to determine the timing
and intensity of muscle activation duringgait.182,211,214 Errors in
timing, such as premature or prolonged muscle activation, and
intensity, such as when the muscle intensity is excessive, may be
useful in understanding a gait disorder.i" When kinematics,
kinetics, and EMG are combined and/or computer modeled, one
can investigate the mechanisms underlying the motor patterns
observed and the control of posture and balance while walking
either withour20,221 or with an assistive device.207,222-224 The
modeling studies may have diagnostic value, whereas the stan-
dard kinematic, temporal, and distance measures may be useful
in monitoring patient progress.F"
The challenge is to utilize in a clinically relevant way the
vast number and sophistication of instrumented measures
available. Considering the time and expense involved, are any
of these techniques more clinically useful than simple obser-
vational or speed data? How important clinically is a more
precise yet small improvement, for example, in gait speed
(e.g., 1.0 to 1.1 m/s)?
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Definition
Cannot ambulate, ambulates in parallel bars only, or
requires supervision or physical assistance from
more than one person to ambulate safely outside
of parallel bars.
Requires manual contacts of no more than one
person during ambulation on level surfaces.
Manual contacts are continuous and necessary to
support body weight as well as maintain balance
and/or assist coordination.
Requires manual contact of no more than one
person during ambulation on level surfaces.
Manual contact consists of continuous or
intermittent light touch to assist balance or
coordination.
Physically ambulates on level surfaces without
manual contact of another person but for safety
requires standby guarding of no more than one
person because of poor judgment, questionable
cardiac status, or the need for verbal cuing to
complete the task.
Ambulates independently on level surfaces but
requires supervision or physical assistance to
negotiate any of the following: stairs, inclines, or
nonlevel surfaces.
Ambulates independently on nonlevel and level
surfaces, stairs, and inclines.
GAIT DISORDER TREATMENT AND
REHABILITAnON
Many of the reports dealing with treatment and rehabil-
itation of gait disorders in older adults are retrospective chart
reviews and case studies. Approximately one-quarter of the
neurological referral seriesl20,121 cite conditions for which
primary treatment, either medical or surgical, is available.
These conditions include previously unrecognized Parkin-
son's disease, metabolic disturbances, intracranial tumors,
NPH, myelopathy due to compression, inflammatory poly-
neuropathy, and depression. Neither series gives quantitative
follow-up, although progression occurs in those with no
treatable disorder, often requiring institutionalization. 120
What constitutes improvement in gait? Although the
aesthetic appearance of a patient's gait may be "abnormal"
and/or demonstrate residual disability, other clinical param-
eters, such as reduction in weight-bearing pain, suggest func-
tional improvement. Thus, outcome variables other than
standard gait measures are also important. Achievement of
premorbid gait patterns may be unrealistic, and improvement
in measures such as gait speed is a reasonable goal as long as
gait remains safe.
Medical andPhysical Therapy Interventions
A number of disease-related gait disorders respond to
pharmacological therapy, but many patients are left with
residual disorders. Case reports suggest that gait disorders
are responsive to folate 154 and B12 repletion therapy226,227;
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Table 4. Items in Functional Assessment of Balance and Gait
From Tinetti 1 19
Balance
Sitting balance
Rising from a chair
Immediate standing balance
Balance with eyes closed
(feet close together)
Turning balance (360 deg)
Nudge on sternum
Neck turning
One leg standing balance
Back extension
Reaching up
Bending down
Sitting down
Gait
Initiation of gait
Step height
Step length
Step symmetry
Step continuity
Path deviation
Trunk stability
Walk stance
Turning while walking
From Nutt14 3
Rising from a chair
Standing
Negotiation of turns
Withstand push fore/aft.
side-to-side with
effective responses
Effective response if
spontaneous loss of
balance
Gait initiation, hesitation
Foot clearance
Stride length
Cadence
Freezing
Hesitation while turning
Width of base
Arm swing
or naproxerr':" show improvement in gait speed (by 16-
18%) and stride length (by 9%), as well as in other gait
measures. In response to immunological agents such as pred-
nisone, five patients (mean age 70) with high serum IgM, a
predominantly sensory peripheral neuropathy, and a small
step, wide-based gait with difficulty in turning became less
dependent on an assistive device or were better able to per-
form tandem gait. 235
Gait improves with physical therapy, although the im-
provements may be modest, and residual disability is fre-
quent. Parkinson's patients undergoing r,hysical therapy im-
prove in their rigidity and bradykinesia.! 6although the effect
may be insignificant.P? In response to exercises ranging from
stretching to karate training, gait speed improvements up to
25% may occur in Parkinson's patients over a 3 to 4-month
period, rrimarily in patients with less severe baseline symp-
toms.23 ,239 Using visual cues such as a cane handle placed on
the ground240 helps these patients improve stride length and
decrease double support duration.241,242 Knee osteoarthritis
patients participating in controlled 8-week trials of super-
vised walking, stretching, strengthening, and patient educa-
tion increase their gait speed and stride length by 9 to
18%.243,244 Other 12 to 16-week programs using standard
physical therapy,245 aerobic walking, or aquatic exercisesv'"
decrease SO-foot walk time by approximately 10%. Finally,
modest improvement with residual disability is a common
theme for stroke patients. Of 60 survivors admitted for an
acute stroke and given therapy,247,248 15 (25%) were unable
to walk and 14 (23%) walked independently at both initial
and final assessment. Of the 30 showing substantial recovery,
10 regained 'normal' speed and eight remain dependent on an
assistive device. Of 19 patients followed up 1 to 5 months
later, approximately one-third increased gait speed slightly
(0,1-0.7 m/sec), one-third did not change, and one-third
worsened slightly. Maximal walking improvement is reached
in 95% of patients by 11 weeks. 249 Physical therapy given 3
months to 1 year post-stroke results in modest (8-9%) gait
speed improvemenr250,251 compared with slowing (by 12%)
in untreated controls.
however, larger series of B12 deficiency treatment indicate
that ataxia and abnormal gait resolve completely in more
than half of patients but only partially in the rest. 151,153
Folate treatment in older patients with low serum folate levels
and no apparent other etiology for myelopathy is successful
in achieving ambulatory status in six of ten patients who have
been chair- or bed-bound previously. ISS Lowered responsive-
ness to therapy may be attributable to more severe and long
standing deficits,' 5I a multifactorial gait disorder228 with
concurrent diseases such as alcoholism or malignancy,229,230
a myelopathic (vs neuropathic) component, ISO and perhaps
age greater than 70. 150 In regard to thyroid disease, all 24
cases with overt clinical manifestations of hypothyroidism
had reductions in their associated unsteadiness and ataxic
gait after thyroid replacement.P" The treatment response of
the gait disorder related to hypothyroid sensory neuropathy
ranged from complete resolution within 8 months to contin-
ued residual manifestations after 1 year. 162,163 Hyperthyroid-
ism-associated gait disorders may also resolve after anti-
thyroid treatment.168-170 In Parkinson's disease, acute
administration of L-Dopa improves gait velocity231 by as
much as 38% over baseline.232 Patients with knee osteoar-
thritis given nonsteroidal medications such as piroxicarrrr':'
Cervical Myelopathy and LumbarStenosis
Few controlled prospective studies and virtually no ran-
domized studies address the outcome of surgical treatment
for compressive cervical myelopathy or lumbar stenosis. A
number of problems plague the available series: outcomes
such as pain and walking disability are not reported sepa-
rately; the source of the outcome rating is not clearly identi-
fied or blinded; the criteria for classifying outcomes differ; the
follow-up intervals are variable; and the selection factors for
conservative versus surgical treatment between studies differ
or are unspecified.252-255 Most of the outcome percentages
below include all ages, although the mean age in many
surgical series is usually greater than 60 years old.
Most of the patients aged 60 or older with symptomatic
cervical spondylotic myelopathy and/or radiculopathy have
at least minimal postoperative imp,rovement in symptoms,
signs, and/or ADL dependency256,2 7and apparently respond
as well as a youn~er cohort.v" In a meta-analysis of older
studies, Epsteinv' noted overall clinical improvement (not
just in gait) ranging from 57% to 85% in 1241 patients
operated on for cervical spondylotic myelopathy. Other stud-
ies suggest more modest improvements. Of 55 patients fol-
lowed up for a mean of more than 7 years, 35% improved in
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their self-reponed distance walking and maintained their
improvement, and 44% were worse at follow_up.26o Twenty
percent of patients showed improvement during the initial 2
years after the operation, stabilized for a period ranging from
1 month to 18 years, and then worsened as a result of
progressive stiffness and weakness. Better outcomes occur in
those who do not have coexisting chronic disease (such as
emphysema) and who are not yet dependent on a walker or
human assistance.r'" With conservative, nonsurgical treat-
ment (such as with a cervical collar), periods without new or
worsening symptoms as well as spontaneous improvement
may occur,262 although older adults (over age 60) may not
fare as well.258 In patients with more severe, long-standing
disabilities (e.g., more than than 2 years), both conservative
and surgical measures may yield improvement in only 30 to
50% of patients.252,263
Recent meta-analyses of laminectomy for lumbar steno-
sis and fusion for a variety of disorders, including stenosis,
find nearly 70% of patients with at least satisfactory out-
comes, with wide interstudy variation in these percent-
ages.253,254 The majority of studies found no outcome differ-
ences with increasing age, even with patients up to age
87,264-268 although patients with concurrent diseases such as
cardiopulmonary disease had a poorer outcome.269.270 In
studies with 4 to 5-year follow-up postlaminectomy, from 57
to 84% of patients reported positive results,268.269,271 partic-
ularly in pain reduction,269 and in the mean walking distance
where pseudoclaudication develops.V! Nevertheless, resid-
ual disability was common: 77% had walking limitations
attributed to residual lower back or leg syrnptoms.P" 46%
were unable to walk at least 2 blocks, and 21 % were unable
to walk 15 meters.r'" Surgery may be avoidable or postponed
without severe functional deterioration in symptomatic pa-
tients. In a small series of patients (n = 19) with neurogenic
claudication and relatively mild walking disability who were
followed up for a mean of 31 months without surgery,
subjective assessment of walking capacity improved in 42 %,
was unchanged in 32%, and worsened in 26%.272
Normal Pressure Hydrocephalus
Studies of the responses of patients with normal pressure
hydrocephalus (NPH) to ventriculo-peritoneal or -atrial
shunting also tend not to be prospective or controlled and
tend to have problems with outcome assessment and follow-
up. Biases exist in regard to patient selection (only patients in
whom shunt-responsive NPH was probable were operated
on) and publication (only positive results were published). 140
In a review of shunting studies for NPH, overall improvement
in function may be more striking in recent studies (studies
from 1977 to 1989 versus 1966 to 1976) and occurs in nearly
75% of patients, with marked improvement in just over
50%.140 However, there is a wide range of improvement,
depending on patient selection and the degree and duration of
improvement. Prolonged improvement may be maintained in
only 15-20% of patients with NPH. 140 Factors associated
with more positive outcomes with shunting include (1) a
diagnosis of secondary NPH versus idiopathic NPH and 140
(2) the presence of either gait disturbance alone or in combi-
nation with dementia and incontinence, particularly when
the gait disturbance occurs before the onset of demen-
tia. 142,144,273,274 CT findings such as small cortical sulci and
large ventricles have been proposed to predict a positive
response to shunting by some 142,275 but not others. 74,276
Some propose invasive preoperative predictors of improve-
ment post-shunting, to include: (1) the presence of high
amplitude waves on intracranial pressure monitoring277; the
ratio of ventricular versus overall total intracranial isotope
activity, using quantitative cisternography'?", the clinical
response to serial removal of spinal fluid279-281; and resorp-
tion of cerebrospinal fluid, as measured by the conductance
to outflow of CSF as measured by lumboventricular perfu-
sion.275
Subdural Hematoma
Despite similar methodological problems in these series,
surgical removal of a chronic subdural hematoma results in
marked improvement in unsteady gait and mental status.282-284
Surgical treatment of CT-diagnosed chronic subdural hema-
toma results in full recovery without deficit in 80% of patients,
including reversal of hemiplegia and drowsiness (which might
lead to a gait disorder).285
Leg Osteoarthritis
Patients who undergo total knee replacement for osteo-
arthritis can expect gains in gait velocity and stride length, on
average, up to 37%, as well as gains in joint range and speed
of motion, although to a level still markedly below that of
healthy contro!s.286-288 When the disease occurs only unilat-
erally and there are no other associated medical conditions,
gait measures approach the lower limit of normal by 1 to 3
years postoperation. 289.290 Gait abnormalities persist in
these patients for a number of reasons, including mainte-
nance of the preoperative gait pattern, deformity/involve-
ment of the contralateral side, continued pain, continued
abnormal muscle strength and coordination (as evidenced by
abnormal flexion-extension knee moments), and partial loss
of proprioceptive control at the knee 287,288.291.
Similar relationships exist after hip replacement for os-
teoarthritis. Walking distance increases,292,293 and gait veloc-
ity and step length may improve by up to 100% at 6 months
postoperation (with maintenance of improvements by 4 years
postoperation).294,295 Up to 58% of these patients use no
assistive device at 6 months postoperation (88% by 4 years).
Despite these improvements, patients may still have pain,
"limp," and/or limited walking ability,292.293 and gait veloc-
ity and hip motion are still below standard norms at 6 months
postoperation.r'" Two years postoperatively, even in patients
with near normal gait velocity, reductions are seen in single
limb stance duration and hip motion, abnormal hip muscle
EMG patterns are still present, and less force is applied
through the operated limb, suggesting persistent leg weak-
ness.297 Gait findings such as these may be attributable to
continued postoperative pain and reliance on an assistive
device.298
UseofAssistive Devices
More than 23 % of noninstitutionalized older adults
aged 75 and older use a mobility technology device, with
49% using a cane (walking stick), 24% using a walker, and
12% a wheelchair.P" Unfortunately, up to 70% of patients
use canes that are faulty, damaged, or are not at the appro-
priate height.3oo,30' Placement of the cane in the contralateral
hand may be useful in relieving ipsilateral hip pain 302 and in
maintaining a reciprocal stepping pattemr'" However, ipsi-
lateral cane use can also help in reducing the force acting on
the hip304 and the muscle activity around the knee.305 Other
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work suggests that there is no relationship between appropri-
ate cane hand or length and subsequent confidence in per-
forming activities, functional ability, or falling. 30 6 Further-
more, contrary to the common belief that older adults do not
view assistive device use positively, among older adults who
travel independently to a shopping center, cane use is associ-
ated with improvements in confidence and self-reported func-
tional ability.i'" Clearly, the relationships between patient
preferences and abilities, the home environment, and device
characteristics is complex. 30 7 ,.l o H
SUMMARY AND CONCLUSIONS
Difficulty in walking is common in older adults and can
be a predictor of overall functional status. Measures of gait
such as speed decline with age, but the decline is small in
healthy older adults less than age 70. Factors ranging from
anthropometry to cognition affect gait, and the effect of
exercise is apparently modest. A number of diseases, often in
combination, cause gait disorders. The categorization of
these disorders becomes difficult when higher order cortical
changes occur, particularly in response to cerebrovascular
disease. There are few standard methods of gait disorder
evaluation, other than standard clinical and radiological
measures, and few data documenting the cost-effectiveness of
these methods. Gait assessment ranges from simple observa-
tion to more sophisticated instrumented techniques, and yet
evaluation of gait speed may be sufficient for most clinical
purposes. Data on treatment and rehabilitation outcomes for
gait disorders are frequently limited methodologically, par-
ticularly in the surgical literature. Gait improvements are
modest, and residual disability and/or gait abnormalities are
common. With new diagnostic technology and techniques
available, as well as a new emphasis on cost-effectiveness, the
evaluation and treatment of gait disorders in older adults will
continue to evolve.
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Apraxia
Apraxia de la marc he
Frontal ataxia
Magnetic foot response
Marche' a petits pas
Limb-kinetic apraxia
Parkinsonism
Petren's gait
Slipping clutch syndrome
Stammering gait
Trepident abasia
ANNOTATED GLOSSARY
Usually of gait and/or trunk due to cerebral lesion. Loss of ability
to properly use lower limbs for walking and other, particularly
bilateral or abstract motor leg tasks. No apparent strength,
cerebellar, proprioception, or vestibular loss. (see also
Meyero9 ) .
Inability to make purposeful leg movements and eventually
stand. Related to ideomotor apraxia, disconnection between
idea (perception of) walking, and the motor programs required
to walk.
Disequilibrium due to frontal mass lesion, preventing unassisted
stance or walking
Difficulty in picking feet off the floor.
Also termed "magnetic apraxia" or "glue footed".
Short stride, shallow steps which barely clear the ground.
Progresses to start hesitation, freezing, increasing
dysequilibrium.
A gait-related version of the instinctive grasp reaction. Also
involves "magnetic foot response" and "slipping clutch
syndrome" (see also Denny-Brown'['P).
Arleriosclerotic, Lower-half, and Lower-body Parkinsonism.
Short rapid steps, hesitating, freezing, shuffling, ataxic.
Improves with sensory cues (see also Critchley171).
See "trepident abasia."
Rapid shUffling of feet before step can be made
Hesitancy to initiate walking or change direction, as found
apparently in Parkinson's disease, cervical spondylosis, and
frontal disorders (see Wright31 1) .
Start hesitation, stepping in place, foot dragging, turn hesitation.
Gait improves with encouragement and gentle arm pulls.
